Objectives: Antioxidative defense system of saliva with various molecules and enzymes has gained importance. Uric acid contributes approximately 70-85% antioxidative capacity of saliva of healthy as well as periodontally compromised individuals. Aim: Purpose of this study was to estimate and compare the salivary uric acid level of healthy individuals and that of smokers and non-smokers with periodontitis. Materials and Methods: Unstimulated whole saliva samples were collected from 30 subjects divided into three groups (10 healthy without periodontitis; 10 smokers with periodontitis, and 10 non-smokers with periodontitis) by employing exclusion criteria. The salivary uric acid level was measured by the enzymatic method. All values were reported as mean and standard deviations. Differences in mean salivary uric acid levels between the three groups were compared by Analysis of variance test and Scheffe's multiple comparison tests. The level of significance was set at P ≤ 0.05. Results: Mean salivary uric acid levels of 5.39 ± 1.49 mg/dl, 3.01 ± 0.68 mg/dl, and 2.00 ± 0.57 mg/dl were observed among periodontally healthy, non-smokers with periodontitis, and smokers with periodontitis groups, respectively. Significantly higher mean salivary uric acid levels in periodontally healthy group was observed as compared to smoker and non-smoker groups with periodontitis (P = 0.001). Conclusion: Salivary uric acid levels reduced significantly among smoker and non-smoker periodontitis patients compared to periodontally healthy individuals. Therefore, uric acid level in saliva could be a helpful estimator of the oxidative stress produced by smoking and periodontitis.
INTRODUCTION
Saliva has been considered as the first biological medium encountering the outside substances of food, drink, or inhaled volatile factors. Immunologic defense of saliva is mainly due to the secretory salivary IgA and protein defense involving many factors. These include; agglutinin, lysozyme, albumin, ascorbic acid, glutathione, traces of transferrin, lactoferrin, and caeruloplasmin. Salivary monitoring has been recognized as an important parameter since its composition reflects the disease severity and response to treatment in periodontal disease condition and care. Studies have reported an increase in the total antioxidant levels after non-surgical periodontal treatment. [1] [2] [3] Recently, the antioxidative system of saliva having various molecules and enzymes has gained importance as periodontal biomarkers in the assessment of tissue condition and therapeutic outcomes. [4, 5] Uric acid, albumin, and ascorbic acids are considered as the primary antioxidant constituents of saliva. [6] However, predominant presence of uric acid in saliva has received clinical importance in monitoring oxidative stress. Uric acid is the end produce of purine catabolism and contributes to the antioxidant capacity of blood and saliva. [7] Uric acid contributes approximately 70-85% of the total antioxidative capacity of resting and stimulated saliva from healthy as well as periodontally compromised subjects. [8, 9] It has been reported that the salivary uric acid levels comparatively higher in tobacco users compared to non-users with no statistical significance. [10] Oxidative stress denotes the imbalance between the productions of highly reactive oxygen species and the antioxidant defense systems. [11] Studies have reported the possible role of uric acid and other antioxidants in the initiation and progression of several inflammatory oral conditions including periodontal disease. [2, 12] Periodontitis is an inflammatory disease of supporting tissues of teeth caused by specific microorganisms. Activation of the immune system may lead to progressive destruction of the periodontal ligament, alveolar bone including pocket formation or gingival recession or both. Bacterial products can also affect the immune system that may result in tissue damage if left untreated. [13] One of the main sources of free radicals is the cigarette smoke, and it contains oxidants and pro-oxidant agents. [14, 15] Hence, this may suggest the possible effect of smoking on salivary antioxidants in the initiation of periodontal disease. However, changes in salivary uric acid level among smokers and non-smokers with periodontitis have not been well documented in the literature. Hence, the present study aimed to estimate and compare the salivary uric acid level of periodontally healthy individuals and that of smokers and nonsmokers with periodontitis.
MATERIALS AND METHODS

Ethical clearance
An institutional review board of Al-Badar Dental College formally approved the study. The purpose of the study was fully explained to the study subjects and written informed consent was obtained.
Participants
The sample size was calculated by considering effect size of 0.81, Alfa error probability of 0.05 and required power of 0.95 for ANOVA test with 3 groups resulted in a total sample of 27 which was rounded off to nearest number 30. Sample size calculation was performed using G*Power software program. [16] A total of 30 subjects were selected from the Department of Oral Medicine/Periodontology Al-Badar Dental College, Gulbarga. Subjects with signs of heart diseases, hormonal disturbances, gastrointestinal, oral mucosal and lung disease, alcoholics and those with the history of drug treatment or therapy during the last 3 months were not included in the study.
Study subjects were divided into three groups: (Group I) periodontally healthy referred to those subjects who do not have pockets as assessed by Williams periodontal probe and do not have any smoking habit, (Group II) smokers with periodontitis referred to those subjects who were current smokers with smoking at least 10 cigarettes/day and having periodontal pocket of 6mm or loss of attachment, and (Group III) non-smokers with periodontitis referred to subjects with no history of present or past smoking habit but having periodontal pocket of 6mm or loss of attachment.
Salivary collection and biochemical analysis
Non-stimulated whole saliva was collected in the morning 8-10 am 2-3 h after the breakfast to avoid circadian variations. No attempt was made to stimulate the oral cavity before salivary collection. Smoking study participants were requested to refrain from smoke for 60 min before salivary collection. In sitting position, subjects were requested to swallow saliva then stay immobile while permitting the saliva to flow passively for 10 min over the lower lip into a sterilized plastic container. Collected samples were aliquoted and stored at −70°C and transported over dry ice to the diagnostic center for testing purpose. Modified Navazesh method [17] was utilized in the experiment to collect the saliva. 
RESULTS
A total of 18 males and 12 females participated in the study [ Table 1 ]. Mean age of the study participants ranged from 27.30 to 46.30 years [ Table 2 ].
The mean levels of salivary uric acid of 5.39 ± 1.49 mg/dl, 3.01 ± 0.68 mg/dl, and 2.00 ± 0.57 mg/dl was observed among periodontally healthy, non-smokers with periodontitis, and smokers with periodontitis, respectively. Comparison of mean salivary uric acid levels in different groups by ANOVA test showed statistically significant difference P = 0.001 [ Table 3 ].
Further analysis by Scheffe's multiple comparison tests showed significantly higher mean salivary uric acid level in periodontally healthy group as compared to smoker and non-smoker groups with periodontitis P = 0.001. However, the salivary uric acid level did not differ significantly between non-smokers with periodontitis and smokers with periodontitis P = 0.102 [ Table 4 ].
DISCUSSION
Antioxidant capacity of the saliva is of great concern as it counteracts and neutralizes the free radicals and reactive oxygen species produced in the oral cavity from several inflammatory processes. [18] Saliva is the first line of defense against free radical-mediated oxidative stress. Uric acid constitutes the major salivary antioxidant in health and periodontal disease states. [8] The present study was undertaken to estimate and compare the uric acid level of saliva among periodontally healthy individuals and those of smokers and nonsmokers with adult periodontitis.
Oxidative stress is defined as the disturbance in the oxidant-antioxidant balance leading to biological damage. [19] Study results revealed significantly lowered salivary uric acid level among smokers with periodontitis as compared to periodontally healthy subjects. This finding can be explained on the basis that the smokers are at a high risk of getting advanced and aggressive forms of the periodontal disease than healthy individuals. [20, 21] Smoking certainly alters the periodontal response to microbial challenge. [22] Moreover, the response of periodontal treatment is less favorable among smokers. [23] It is well recognized that cigarette smoke contains a large amount of oxidative species and therefore smoking represents a substantial source of oxidative stress. [22] The direct pro-oxidant burden of tobacco smoke can contribute to reactive oxygen species-mediated tissue damage through depletion of systemic endogenous antioxidant capacity. Both tobacco smoke and inflammation are sources of reactive oxygen species that could have compromised the antioxidant capacity of saliva. [24] This finding is similar to that reported by Greabu et al. [25] in which salivary antioxidant system was significantly affected by both gas and particulate phase of cigarette smoke. Similarly, Abdolsamadi et al. [26] reported comparatively lowered salivary uric acid level among smokers compared to non-smokers without any statistical significance. On contrary, Zappacosta et al. [27] studied the acute influence of smoking a single cigarette on salivary uric acid levels and found no significant difference between smokers and non-smokers. A study by Kondakova et al. [28] showed no statistical differences between uric acid values in the saliva of smokers and non-smokers.
The study also found that smoking a cigarette failed to modify the salivary antioxidants level.
The present study showed the significantly lower level of salivary uric acid among non-smokers with periodontitis as compared to periodontally healthy subjects. This could be due to the increased oxidative stress seen in periodontitis patients with scavenging of antioxidants. Moreover, it was proposed that the decrease in salivary antioxidant level could be the direct causal factor in periodontal disease. [28] This finding is in line with other studies reported by Chapple et al., [29] Miricescu et al., [30] Diab-Ladki et al., [6] Scully et al., [31] and Mathur et al. [32] .
Further evaluation showed higher mean salivary uric acid level among non-smokers with periodontitis as compared to smokers with periodontitis, but the difference was not statistically significant. From this finding, it can be speculated that periodontitis mainly contributes for oxidative stress leading to the depletion of salivary uric acid. It can be observed that there was no cumulative depletion of the salivary uric acid level in smokers with periodontitis.
Present study re-emphasized the evidence that the healthy individuals without periodontal disease and smoking habits had higher levels of salivary uric acid. However, individuals with periodontal disease alone or in combination with periodontal disease and smoking habit demonstrated lowered salivary uric acid levels. Interestingly, smoking did not show any further depletion of the uric acid among periodontitis patients.
This study contributes to the existing literature about salivary uric acid levels in periodontal health and disease. However, self-reported medical conditions, smoking status and selection of study subjects from the dental school, absence of smoking among female subjects, small sample size, and cross-sectional nature of the study can be considered as the limitation of the study.
CONCLUSION
Estimating uric acid level in saliva can be one of the useful indicators of oxidative stress caused by periodontitis and smoking habit. Periodontally healthy individuals without smoking habit had significantly high uric acid level in saliva as compared to smoker and non-smoker patients with periodontitis. However, smoking did not show any additive effect in depletion of salivary uric acid level among periodontitis patients.
